The emergence of symmetric matching to sample was studied in fourteen 2-year-old children. Three two-choice, arbitrary matching-to-sample tasks were arranged successively. Each task was followed by a test of symmetric responding. The behavior required by the tasks was taught with sample stimulus-control shaping (Zygmont, Lazar, Dube, & Mcllvane, 1992). Five children did not learn identity matching, which is required for sample stimulus-control shaping. Two others showed a deterioration of baseline respond ing when the first test was given. The participation of these seven children was stopped. The others showed symmetric responding on all tests. These results demonstrate generalized symmetric matching to sample (one aspect of stimulus equivalence) in 2-year-old children.
relation is an equivalence relation, stimuli form classes, such that conditional relations are shown between stimuli in the same class. Stimuli in the same class are called equivalent, and the actual existence of classes of equivalent stimuli is called stimulus equivalence.
The untrained conditional relations are instances of "novel" or "emergent" behavior, that is, behavior that is new and cannot be explained as an obvious conditioning effect (Dugdale & Lowe, 1990) . This can make one hope that the investigation of stimulus equivalence will lead to the formulation of more powerful conditioning principles. These might account not only for stimulus equivalence but also for other emergent phenomena, such as those of imitation (Baer & Deguchi, 1985) , instruction following (Riegler & Baer, 1989) , and grammatical speech (Sherman, 1971 ).
-Prerequisites for stimulus equivalence can be found by studying its development in children. There is much evidence for stimulus equivalence in 5-year-old and older children (e.g., Pilgrim, Chambers, & Galizio, 1995; Sidman & Tail by, 1982) . Younger children have been studied less intensively, and the data are less clear. Lowe and Beasty (1987;  see also Dugdale & Lowe, 1990; Horne & Lowe, 1996) studied stimulus equivalence in 2-, 3-, and 4-year-old children. Conditional relations that may be designated A1B1, A2B2, A1C1, and A2C2 were taught. Tests for symmetry (relations B 1 A 1, B2A2, C1 A 1, and C2A2) and equivalence (relations B1 C1, B2C2, C1 B1, and C2B2) were then carried out. One of the seven 2-year-old children passed both tests; the other children of this age group passed none. Ten of the eleven 3-year-old children passed the symmetry test, and five of these also passed the equivalence test. All ten 4-year-old children passed both tests. Lowe and Beasty then taught the unsuccessful children to label the relationships between samples and correct comparisons. The children could do this by providing a label for the sample and a label for the correct comparison, successively (e.g., "upgreen"). All children, except one 2-year-old, now passed the equivalence test. The 2-year-old child who did not pass the equivalence test was also the only child who did not learn the labeling in the time available. These findings suggest a caus-al role for the labeling of sample-comparison pairings in stimulus equivalence. Devany, Hayes, and Nelson (1986) studied stimulus equivalence · in normally _ capable, 2-year-old children. After AB and AC relations had been established BC and CB relations emerged on tests. The same was found in a control group of mentally retarded children with verbal skills similar to those of the normally capable children, but not in a control group of mentally retarded children without such skills. These results suggest that the verbal skills normally seen in 2-year-old children are required for stimulus equivalence. Barnes, Browne, Smeets, and Roche (1995) and Barnes, McCullagh, and Keenan (1990) obtained similar findings. Barnes et al. (1990) studied stimulus equivalence in hearing-impaired and normally hearing children, between 3 and 8 years old. In this study, all children, except one, showed BC and CB relations after AB and AC relations had been established, and the hearing impairment was not important. The one child who did not show BC and CB relations differed from the others in that she lacked a generalized, expressive as well as receptive, use of common nouns. Barnes et al. (1995) found BC relations after the training of AB and AC relations in 2-to 6-year-old children.
Attempts to replicate these studies have encountered teaching difficulties. Dugdale and Lowe (1990) had difficulty in teaching the AB relations of Lowe and Beasty (1987) to 4-year-old children. Augustson and Dougher (1991) attempted to replicate the study of Devany et al. (1986) , with a computer and a touch screen for stimulus presentation and response registration. They did not succeed in teaching the baseline (AB) relations to 2-year-old children.
The findings of these studies suggest that 2-year-old children can show stimulus equivalence, but they also raise a number of issues. Three of these issues were addressed in the study reported below. First, there is still much to be known about the kinds of novel conditional relations in 2-year-old children. Until now, studies have concentrated on the emergence of BC and CB relations after AB and AC relations had been taught. Other kinds of novelty, in particular the ones that can be seen on simple tests for reflexivity, symmetry, and transitivity, remain to be examined. The second issue is that of finding an effective procedure for teaching arbitrary matching to sample to young children. Devany et al. (1986) used a 'three-step' procedure (also see Mcllvane, Dube, Kledaras, lennaco, & Stoddard, 1990) . For example, the AB relations were taught by arranging trials with sample A 1 first, sample A2 second, and the mix of the two samples last. This procedure does not favor control by the samples in the early phases, which may be the reason for teaching difficulty. Procedures that promote sample stimulus control throughout training may be better. Third, the role of labeling sample-comparison relationships is not clear. If this labeling behavior is required for stimulus equivalence then one would predict that children who show stimulus equivalence also show the labeling behavior (Le., spontaneously, without instruction). The labeling could occur in an overt or a covert fashion. To some extent, therefore, the prediction can be verified by recording the children's speech on matching-to-sample trials.
The present study examined symmetric matching to sample in 2-year-old children. The children received one to three matching-to-sample tasks, each followed by a test of symmetric responding. The sample stimulus-control shaping procedure developed by Zygmont et al. (1992) was used to establish the baseline matching-to-sample performances; this procedure maintains sample stimulus control throughout training. The children's speech on matching-to-sample trials was written down.
Method

Children and Settings
Day-care centers for normally capable children, in the vicinity of Leiden, were asked to provide subjects. Criteria for inclusion of a child were (1) the child is between 24 months and 36 months old at the start of the study, (2) the child is present at the center at least 3 days per week, and (3) the child will be available at least 2 months. In addition, permission by the parents was required. Three day-care centers were willing to participate, and together they provided 15 children (11 girls and 4 boys). The ages of the children varied between 25 and 34 months at the beginning of the study (mean: 29 months).
Each child was seen by a female experimenter, always at the daycare center. The experimenter played for some time with the child in the room that the child shared with peers and caretakers. She then accompanied the child to a room available especially for the study. In the case of one 28-month-old boy, the experimenter did not succeed in persuading the child to join her (see Barnes et aI., 1995 , for similar problems, but in a later phase). Therefore, 11 girls and 3 boys were seen in the experimental procedures.
Materials
Stimuli were drawings in black. They filled an area of approximately 4 x 4 cm and were shown on a white square (5.5 x 5.5 cm). The squares were presented on black sheets of 21 x 7.4 cm, which were presented with their long sides horizontally. A sheet showed either a single stimulus in the middle (sample) or two stimuli side by side (comparisons). The distance between comparisons was 13.5 cm (center to center). Ten stimuli were drawings of common objects. These were a wooden shoe, a screw, a bird cage, a lamp, a duck, a water pistol, a dragonfly, a leaf, a pair of glasses, and a banana. Sixty other stimuli showed abstract shapes. Twelve of these stimuli, designated A 1-A6 and B1-B6, occurred in conditional relations that were trained or tested (four stimuli in each of three problems, see below). The other 48 stimuli were used in sample stimulus-control shaping (16 stimuli in each of the three problems).
Other materials were a tray containing Ping-Pong balls, a thin vase made of clear glass, and collections of stickers, pictures, and booklets. There were eight Ping-Pong balls, in different colors. Together, they filled the vase. The stickers and the pictures showed figures from fairy tales or cartoons, animals, cars, and so forth. Each child chose a booklet and filled this with stickers and pict.ures earned during the study.
Procedure
The study was divided in four phases: Pretraining, Problem 1, Problem 2, and Problem 3.
Pre training. A child was seated facing the experimenter. The experimenter then showed the stickers and the booklets, and said: "We are going to playa game, and if you play well you can earn stickers. We will put the stickers in a booklet. First, let's choose a booklet." She allowed the child to choose a booklet, and continued: "If you play well, I will say 'Good.' You can then take a ball, and put it in here (experimenter pOints to the top of the vase). When all the balls are in here you have earned a sticker." The pictures were not yet shown.
Identity matching-to-sample tasks, with drawings of common objects as stimuli, were presented during pretraining. The first task offered a choice between the wooden shoe and the screw. The wooden shoe (comparison) was the correct choice when the wooden shoe (sample) was presented, and the screw (comparison) when the screw (sample) was presented. This performance was built up in two steps. The trials of the first step were arranged as follows. The experimenter showed a sheet with a sample, while hiding a sheet with comparisons underneath. When the experimenter judged that the child looked at the sample, she withdrew the sheet with the sample slightly, so that the sheet with comparisons became completely visible. The sheet with comparisons was now immediately in front of the sheet with the sample (from the child's point of view). The experimenter then touched the sample, and asked the child "Where is another one like it?" When the child touched the correct comparison the experimenter said "Good" and allowed the child to transfer a Ping-Pong ball from the tray to the vase. When the child touched the incorrect comparison the experimenter removed the sheets without comment, waited approximately 3 seconds, presented the sheets again, repeated the question, and demonstrated the correct response. When the child did not respond within 3 seconds the experimenter demonstrated the correct response immediately (Le., she did not take away the sheets). The child had a new opportunity to choose after a demonstration. If this opportunity also led to an error (an incorrect response or no response) the experimenter physically guided the child through the pointing motion. Finally, she said "Good" and allowed the child to transfer a Ping-Pong ball to the vase. Blocks of eight trials were arranged. Each sample was presented four times in a block, and for each sample the correct comparison was presented twice to the left. The presentation of blocks continued until a block without errors had passed. Five children did not show any progress during this first step. Two other teaching procedures were tried with these children. These were the use of other stimuli (colored pictures instead of drawings), and a sizeprompting procedure with the original stimuli (Mcllvane et aI., 1990) . Neither procedure led to correct responding, and the participation of the children was stopped.
The same stimuli were arranged in the second step, but now the experimenter omitted her pointing to the sample and the question ''Where is another one like it?". (Throughout the rest of the study, the procedures for arranging trials were the same as in the second step of the first pretraining task.) Again, blocks of eight trials were arranged until no errors had occurred during a block. The screw and the wooden shoe were then replaced by the bird cage and the lamp, and training was done until no errors had occurred during a block. The bird cage and the lamp were then replaced by a new pair of stimuli, and so forth. The pretraining phase ended when no errors had occurred in the first block with a new pair of stimuli.
Problem 1: Stimuli A 1, A2, 81, and 82. Next, conditional relations A1B1 and A2B2 were taught; relations B1A1 and B2A2 were tested. The sample stimulus-control shaping procedure developed by Zygmont et al. (1992) 82 to A2
Step Sample S+ Figure 1 . Sample stimulus-control shaping as carried out in Problem 1 of the present study. First, sample B1 was gradually transformed into sample A 1 (Steps 1-10). Then, sample 82 was gradually transformed into sample A2 (Steps 10-19). Note that two samples alternated irregularly in each step; only the sample being manipulated is shown here. S+ = correct comparison; S-= incorrect comparison. . choice of comparison B1 was correct in the presence of sample B1, and the choice of comparison B2 in the presence of sample B2. Blocks of eight trials were arranged as at the end of the pretraining phase, until a block without errors had passed. Next, sample B1 was gradually transformed into sample A 1 (see Figure 1 , left). In this part of the procedure, B1-to-A 1 sample stimulus-control shaping trials were mixed with B2 identity trials. Thereafter, sample B2 was gradually transformed into sample A2 (Figure 1, right) . Now, B2-to-A2 sample stimulus-control shaping trials were mixed with arbitrary matching trials that presented A 1 as the sample. Throughout this process, the transition from one step to the next depended on correct responding (no errors in a four-trial block). Finally, blocks of eight trials presented sample A 1 orA2 with comparisons B1 and B2. Each sample was presented four times, twice with B 1 to the left, and twice with B 1 to the right. When a block without errors had passed, consequences were omitted on four trials of each new block. The presentation of blocks continued until a bl, ock without errors had passed. Four BA trials (sample B1 or B2, comparisons A 1 and A2) were then substituted for four AB trials. Blocks arranged each of the samples A 1, A2, B1, and B2 on two trials. In the presence of samples A 1 and A2, comparisons B1 and B2 were arranged; in the presence of samples B1 and B2, comparisons A1 and A2. Consequences for responding were arranged on AB trials but not on BA trials. Blocks of eight trials were presented until a stability criterion was met. The criterion referred to responding on BA trials in the last four blocks. The number of trials with symmetric responding (B1 A 1 or B2A2) was summed across the first two of the last four blocks, and again across the last two. The criterion was met when the two totals were equal. For example, suppose a child were to show 2, 3, 2, 0, 1, 2, 0, 1, and 1 symmetric choices in 9 consecutive blocks. The criterion would then be met after these nine blocks. Of course, this criterion does not constrain responding in any way. In the present example, the conclusion would be that the child did not show stable symmetric responding (only 4 symmetric choices of 16 possible across the last 4 blocks).
Problem 2: Stimuli A3, 83, A4, and 84. Conditional relations A3B3 and A4B4 were trained, and conditional relations B3A3 and B4A4 were tested. The procedures (including sample stimulus-control shaping) were the same as in Problem 1.
Problem 3: Stimuli AS, 85, A6, and 86. Conditional relations A5B5 and A6B6 were trained, and conditional relations B5A5 and B6A6 were tested. The procedures (including sample stimulus-control shaping) were the same as in Problem 1.
Throughout the study, sessions lasted approximately 10 minutes. The experimenter aimed at ending a session when a block of trials had been completed. Usually, 16 or 24 trials were arranged in a session. When the vase was full, the child was allowed to choose a sticker. This was put in the child's booklet. The full vase was emptied in the tray, and the presentation of trials was resumed. The last sticker of a session went together with the choice of a picture, and this was put in the booklet. too. Immediately after each session, the experimenter allowed the child to play 5-10 minutes with her in the experimental ·room. This was done with picture books and puzzles not available in the day-care center. She then returned the child to the room that was shared with the others. Children received three sessions per week, on average. For most children, one session was arranged each morning that the child was present at the center. A few children received a second session after they had slept in the afternoon. The sequences of trials within blocks were chosen by drawing at random without replacement. This varied from block to block.
Matching-to-sample responding was scored as "+" (correct choice on an AS trial, or symmetric choice on a SA trial), "-" (incorrect choice on an AS trial, or asymmetric choice on a SA trial), or "0" (no choice). To obtain reliability measures, a second observer was present on 789 trials (including 61 8 trials without consequences). The scorings of the experimenter and the second observer differed on 6 trials (including 1 trial without consequences).
The experimenter also wrote down the children's speech in the presence of sample or comparison stimuli. Four categories of trials were distinguished on the basis of these notes: (1) the child spoke in response to the sample, but not in response to the chosen comparison; (2) the child spoke in response to the chosen comparison (i.e., while pointing, or after pointing), but not in response to the sample; (3) the child spoke twice on the same trial: o~ce in response to the sample, and once in response to the chosen comparison; and (4) the child did not speak in response to the stimuli. Together, these four categories covered all trials with speech.
Results
As said above, 5 children did not pass the first step of the first identity matching-to-sample task (with wooden shoe and screw). These children received between eight and thirteen 8-trial blocks without progress in this step. On average, they were slightly younger than the other 9 children (means 27 vs. 30 months; Mann-Whitney U(5, 9) = 12, p> .10). The other 9 children all showed errorless responding in the first block of a later identity task. This required between two and four tasks in total (including the first). Further, they all learned the first AS task, and their responding was maintained when it had consequences on only half of the trials of that task. Two children, however, showed a deterioration of AS responding when SA trials were introduced. These children had also shown relatively many errors while learning the task (see Children 4 and 11, below). No attempts to retrain the 2 children were undertaken, and their participation was stopped. One child received only Problem 1 because not enough time was available for further procedures (see Child 14, below). The other children received all three problems, and they never showed a deterioration of AS responding. Table 1 shows the number of errors to criterion (Er) and the number of trials to criterion (Tr) in Problems 1, 2, and 3. The results are shown for children ranked according to age. The criterion was that no errors had occurred in a block of eight trials, when consequences were still arranged for responses on all trials. The minimum number of trials was 84. The average percentage of trials with errors was 5.1. The largest percentages were shown by Child 4 (18%), Child 11 (14%), and Child 14 (13%), all in Problem 1. Few errors occurred in the other cases. 7  28  2  96  3  92  8  108  11  30  22  160  12  32  5  108  0  84  9  116  13  32  3  96  2  96  4  104  14  34  23  176  15  34  2  92  3  100  5  100 Note. Age rounded to the nearest month; minimum number of trials = 84. Table 2 shows the test results. The results are shown for the last four blocks of Problems 1, 2, and 3. This was when the stability criterion had been met. In these blocks, AB trials had consequences for responding; BA trials did not have consequences. AB and BA responding were strong for all seven children, in all problems. In all cases except three, the stability criterion was met immediately (Le., after four blocks). The three exceptions were Child 13 in Problem 2 (9 blocks), Child 13 in Problem 3 Table 3 shows the numbers of trials with and without verbal responses in Problems 1, 2, and 3. Most children spoke on some trials, but always on only few. Trials with verbal responses both to the sample and to the chosen comparison (Category 3) occurred only for Child 2. There were three of these trials. Once, the child said huilen 'crying' in response to the sample and daar niet huilen 'there not crying' in response to the chosen comparison. On another trial, she said dat huilen 'that crying' in response to the sample and dat niet huilen 'that not crying' in response to the chosen comparison. Finally, she said wat doet die nou? is weg 'what does that-one now? is gone' in response to a sample and daar is die weer'there is it again' in response to the chosen comparison. Children 5, 7, 13, and 14 spoke on a few trials, but never twice. Some responses to samples were steen 'stone' (Child 5), van een hamer 'of a hammer' (Child 7), and beetje kapot 'little-bit broken' (Child 13). Some responses to chosen comparisons were vliegtuig 'airplane' (Child 7), is die het? 'is that-one it? (Child 14), and die 'that-one' (Child 14). Children 12 and 15 never spoke in response to the stimuli. The present study demonstrated generalized symmetric matching to sample in 2-year-old children. The teaching procedures worked for 7 of 14 children, and these children all showed symmetric responding. Further, in 6 of the 7 children symmetric responding was demonstrated with two other stimulus sets. This is evidence for the generalized nature of the performance. These findings extend those of Devany et al. (1986) and Barnes et al. (1995) who obtained evidence for other aspects of stimulus equivalence in 2-year-old children.
The sample stimulus-control shaping procedure devised by Zygmont et al. (1992) was successfully used in the present study. Nine children learned identity matching, which is required for sample stimulus-control shaping. Subsequently, all of these children learned arbitrary matching to sample via sample stimulus-control shaping. Five children did not learn identity matching. A more gradual introduction of the first identity task may therefore be helpful. This could be done via the repeated reversal of simple discriminations (Mcllvane et aI., 1990) .
Symmetric responding was shown in the absence of overt labeling of sample-comparison relationships. This shows that overt labeling is not necessary for symmetry. There is a discrepancy here with the findings of Lowe and Beasty (1987) who noted "a good correlation between verbalizations of sample-comparison relationships and accurate performance on test trials" (p. A42). The size of the discrepancy is not clear, however, because Lowe and Beasty presented no further data. Some of their children may have shown novel matching-to-sample responding in the absence of labeling. Also, the correlation between labeling and novel matching to sample may have been stronger for equivalence (BC and CB) than for symmetry (BA and CA).
The role of identity tasks in the production of stimulus equivalence deserves further study. Identity tasks have often been used in the early phases of stimulus equivalence studies (e.g., Sidman & Tail by, 1982; Sidman, Willson-Morris, & Kirk, 1986) . Their purpose has been to facilitate the learning of the baseline conditional relations, and to prepare the subject for tests. The effects of the identity tasks may, however, be more complex than this. Obviously, they may contribute to reflexivity (defined as generalized identity matching). In addition, they may affect the other performances of stimulus equivalence. This could occur when the performances of stimulus equivalence have been reinforced together in the everyday environment (Boelens, 1994; Hayes & Hayes, 1989) . If identity matching and symmetric responding have been reinforced while they occurred in an intermixed fashion then the occurrence of one will become discriminative for the other.
Whatever the merit of these speculations, the main conclusion of the present study is that 2-year-old children can show generalized symmetric responding. Sample stimulus-control shaping is an effective teaching procedure for these children, if they show identity matching. Symmetric responding does not depend on the overt labeling of sample-comparison relationships.
